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(57) An integrated processor is provided that in- 
cludes a CPU core coupled to a variety of 
orhchip peripheral devices such as a DMA con- 
troller, an intenrupt controller, and a timer. The 
integrated processor further includes a power 
management message unit coupled to the DMA 
controller, interrupt controller, and timer for 
nrK)nitoring the Intemal Interrupt and bus re- 
quest signals of the integrated processor. The 
power management ntessage unit may also 
monitor other selected activities of the inte- 
grated processor such as activities of a floating- 
-point coprocessing subunit Based on the 
detected activities, if any, the power manage- 
ment message unit encodes a message on a 
power management message bus to thereby 
provide information regarding the intemal 
events of tiie integrated processor to an exter- 
nal power management unit Power manage- 
ment decisions are made by an external power 
management unit The power management unit 
receives the encoded messages on the power 
management message bus and responsively 
makes decisions as to the appropriate power 
management mode to enter. The power man- 
agement unit includes a clock control unit 
coupled to an internal dock generator of the 
integrated processor for controlling the fre- 
quencies of a CPU diock signal and a system 
dock signal. The px)wer management unit furth- 
er indudes a pow r control unit for controlling 
the application of power to various xternal 
peripheral devices. 
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This inv ntion relates to computer systems and more particularly to power management architectures em- 
ployed within computer systems. 

An ongoing developmental goal of manufacturers has been to reduce the power consumption of computer 
systems. Reducing power consumption typically reduces heat generation of the system, thereby increasing 

5 reliability and decreasing cost In addition, power reductbn has been particularly important in maximizing the 
operating life of battery-powered portable computer systems. 

Various techniques have been devised for reducing the power consumption of computer systems. These 
techniques include increasing the integration of circuitry and incorporation of improved circuitry and power 
management units (PMUs). One specific power reduction technique involves the capability of stopping dock 

10 signals that drive inactive circuit portions. Asystem employing such a technique typically indudesa power man- 
agement unit that detects or predicts inactive circuit portions and accordingly stops the clock signals associated 
with the inactive circuit portions. By turning off "unused" clock signals that drive inactive circuit portions, overall 
power consumption of the system is decreased. A similar technique involves the capability of reducing the fre- 
quency of dock signals that drive drcuit portions during operating modes which are not time critical, and an- 

15 other technique involves the capability of removing power from inactive circuit portk)ns. 

Power managed computer systems that employ the atx>ve-described power reduction techniques typically 
monitor various activities at the point of use or by snooping centralized buses. For example, an activity monitor 
of a power management unit may be connected directly to various control lines associated with the micropro- 
cessor and peripheral devices to determine whether certain activities are occurring. Depending upon the de- 

20 tected activities, the power management unit may responsively power down selected circuit portions, reduce 
the frequencies of selected dock signals and/or completely stop selected clock signals. 

In recent years, integrated processors have been developed to replace previously discrete microproces- 
sors and associated peripheral devices within computer systems. An integrated processor is an integrated cir- 
cuit that performs the functions of both a microprocessor and various peripheral devices such as, for exampi , 

25 a memory controller, a DMA controller, a timer, and a bus interface unit, among other things. The introduction 
of integrated processors has allowed for decreases in the overall cost, size, and weight of computer systems, 
and has in many cases accomnnodated improved performance characteristics of the computer systems. 

A problem encountered in the design of computer systems that incorporate integrated processors is that 
many points of monitoring are no longer available to an external power management unit. That is, since the 

30 CPU core and various peripheral devices are contained on a common integrated circuit chip, internal conn c- 
tions between the CPU core and the peripheral devices may not be accessible externally. Thus, certain system 
activities may be undetectable in real-time. Although external package pins could be provided on the integrated 
processor to provide external access directly to the selected internal points of monitoring, such dedicated pins 
would result in a significant increase in the overall pin count of the integrated processor and would further re- 

35 quire that the die size of the integrated processor be increased to accommodate the additk)nal bond wire pads. 
As a result, a significant cost would be added to the cost of the integrated processor. 

On the other hand, rather than provkling an external power management unit, a power management unit 
could be incorporated as an integral part of the integrated processor itself. However, this would limit the f I x- 
ibility available to the system designer in implementing different power management designs using the same 

40 processor. 

A further problem associated with computer systems including those that incorporate integrated proces- 
sors involves the determinatbn of how the power management unit should treat each detected activity. Al- 
though a variety of systenns have been proposed in which the power management unit causes the frequencies 
of selected clock signals to be raised if certain system activities are detected and to be lowered if the system 

45 activities are not detected, such systems typically do not treat the detected activities differently. As a result, 
the efficiency of these systems may be somewhat limited since many detected activities have different asso- 
ciated impacts upon power consumption than others. 

The problems outlined at>ove are In large part solved by a power management architecture to be described 
herein. In one embodiment, an integrated processor is provided that indudes a CPU core coupled to a variety 

50 of on-chip peripheral devices such as a DMA controller, an interrupt controller, and a timer. The integrated proc- 
essor further indudes a power management message unit coupled to the DMA controller, interrupt controller, 
and timer for monitoring the internal int rrupt and bus request signals of the integrated processor. The power 
management message unit may also monitor other selected activities of the integrated processor such as ac- 
tivities of a floating-point coprocessing subunit. Based on the detected activities, if any, the power management 

55 message unit encodes a message on a power management message bus to thereby provide information re- 
garding the internal events of the integrated processor to an external power management unit. 

Power management decisions are made by an ext rnal power manag ment unit The power management 
unit receives the encoded messages on the power management message bus and r sponsively makes deci- 
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sions as to the appropriate power management mode to enter. The power management unit includes a clock 
control unit coupled to an internal dock g nerator of the Integrated processor for controlling the frequencies 
of a CPU dock signal and a system dock signal. The power management unit further indud s a power control 
unit for controlling the application of power to various external peripheral devices. 

5 In one emtxxJiment, a power management unit, which may also detect additional system activities by way 

of, for example, bus snooping, classifies each detected activity as either a primary activity or a secondary ac- 
tivity. The power management unit indudes several states, each of which is associated with a different power 
management mode. Transitions between the states of the power management unit are dependent upon the 
type of activities detected. Upon reset of the computer system, the power management unit enters a ready 

10 state during which the CPU dock signal and the system dock signal are driven at their maximum frequencies. 
If no primary activities are detected for a predetermined length of time, the power management unit succ s- 
sively transitions from the ready state to a doze state, then to a stand-by state, and then to a suspend state. 
During the doze state, the frequency of the CPU dock signal is slowed, and during the stand-by state, the CPU 
clock signal is stopped. During the suspend state, both the CPU dock signal and the system clock signal are 

15 stopped, and the power to selected circuit portions may be removed. If a secondary activity detected when 
the power management unit is In the doze state or the ready state, the power management unit enters a tran- 
sitory state during which both the CPU dock signal and the system dock signal are driven at maximum fre- 
quencies for a predetermined time duration. Subsequently, the power management unit reverts back to the 
previous power management state. Primary activities cause the power management unit to enter the ready 

20 state, regardless of the current state. The power management unit dassif les activities of a floating-point co- 
processing unit, parallel port activities, serial port activities, floppy disk activities, and hard disk activities as 
primary activities. The power management unit dassif les system management interrupt (SMI) activities, in- 
terrupt activities, and timer activities as secondary activities. Other selected activities may be programmed 
as either primary or secondary activities. As a result of the power management system, flexibility and optim- 

25 ization of power management may be attained. 

Broadly speaking, we shall describe a computer system comprising an integrated processor induding a 
CPU core, a power management message unit coupled to the CPU core, and a dock generator coupled to the 
CPU core. The power management message unit Is capable of detecting an internal activity of the integrated 
processor and of providing a signal indicative of the internal activity on an external set of terminals. The com- 

30 puter system further comprises a power management message bus coupled to the external set of terminals, 
and a power management unit coupled to the power management message bus for managing power within 
the computer system. The power management unit is fabricated on an integrated circuit chip which is separate 
from the integrated processor and includes a clock control unit capable of controlling the dock generator. 
We shall also describe a method for managing power within a computer system, wherein the computer 

35 system includes an integrated processor having a CPU core and at least one on-chip peripheral device. The 
method comprises the steps of detecting an internal activity of the integrated processor, generating an activity 
signal indicative of the internal activity, and providing the activity signal on an external bus couled to the in- 
tegrated processor. The method further comprises the steps of receiving the activity signal at an external power 
management unit, and providing a dock control signal from the external power management unit to the inte- 

40 grated processor to control generation of a CPU dock signal depending upon the activity signal. 

Other objects and advantages of the invention will become apparent upon reading the following detailed 
description and upon reference to the accompanying drawings in which, by way of example only: 

Figure 1 is a block diagram of a computer system employing a power management architecture in accor- 
dance with the present inventk>n. 

45 Figure 2 is a block diagram that illustrates details associated with one implementation of a power man- 

agement architecture according to the present invention. 

Figure 3 is a block diagram of a power management message unit incorporated within an integrated proc- 
essor of Figure 2. 

Figure 4 is a timing diagram that illustrates a message transmit cyde executed by the power management 
so message unit of Figure 2. 

Figure 5 is a diagram of an algorithmic state machine emtxKiied within the power management message 
unit of Figure 2. 

Figure 6 is a diagram of an algorithmic state machine emt>odied within the power management unit of Figure 

2. 

55 Figure 7 is a block diagram that illustrates details of a power management unit. 

While the invention is susceptible to various modif icatk>ns and alternative forms, specific embodiments 
thereof are shown by way of example in the drawings and will herein be described in detail. It should be un- 
derstood, however, that the drawings and detailed description thereto are not intended to limit the invention 
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to the particular form disclosed, but on the contrary, th intention is to cover all modifications, quivalents and 
alternatives falling within the scope of the appended daims. 

Referring now to the drawings, Figur 1 is a block diagram of a comput r system 1 00 including an integrated 
processor 102 coupled to a power management unit 104. Integrated processor 102 includes a CPU core 104 

5 coupled to a dock generator 106 and to a memory controller 108. Integrated processor 102 further includes 
a meesage unit 112 and a plurality of on-chip peripherals represented generally by block 110. 

Generally speaking, power management unit 104 is provided for managing the power within computer sys- 
tem 1 00, and is contained on an integrated drcuit that is separate from integrated processor 102. Power man- 
agement unit 104 receives power management (PM) messages from message unit 112 indicative of the oper- 

10 ation of Integrated processor 1 02. Using these messages, power management unit 1 04 generates a set of dock 
control signals to control the generation of a CPU dock signal and a system dock signal by dock generator 
1 06. Specifically, the dock control sig nals are capable of causing the CPU and system clock signals to be either 
slowed or stopped. Power management unit 104 further generates a set of peripheral power control signals 
that control the application of power to various external peripheral devices. Further details regarding a com- 

15 puter system that conforms to the block diagram of Figure 1 are provkled t>elow. 

Referring now to Figure 2, a block diagram is shown of a computer system 200 that employs a power man- 
agement architecture according to the present invention. The computer system 200 indudes an integrated 
processor 202 coupled to a peripheral device 204 via an external bus 206. Integrated processor 202 Is further 
coupled to a power management unit 208 via a power management message bus 210. 

20 Integrated processor 202 Indudes a CPU core 220 coupled to a variety of on-chip peripheral devices such 

as a DMA (direct memory access) controller 222, an interrupt controller 224, and a timer 226. CPU core 220 
is coupled to external bus 206 via an on-chip bus interface unit 228. A dock generator 230 and a power man- 
agement (PM) message unit 232 are further incorporated within integrated processor 202. 

External bus 206 is illustrative of, for example, a PCI local bus. It is noted that other bus standards such 

25 as the ISA or EISA bus standards could be alternatively employed. Peripheral device 204 is illustrative of any 
externally connectable peripheral device such as a video controller, a disk drive, or a printer. 

Power management unit 208 is provided for managing and minimizing the power consumed by comput r 
system 200. The power management unit 208 receives an encoded signal PMCODE [2:0] on power manage- 
ment message bus 210. The encoded signal PMCODE[2:0] Is indicative of certain activities that occur within 

30 integrated processor 202, as will be described below. Power management unit 208 generates a set of dock 
control signals at lines 250 and a set of power control signals at lines 252. The dock control signals and the 
power control signals are used, respectively, to control the frequencies of selected dock signals and to control 
the application of power to selected circuit portions. Specifically, the dock control signals are received by dock 
generator 230 which generates a CPU dock signal and a system dock signal. The frequencies of the CPU 

35 clock signal and the system dock signal are dependent upon the dock control signals generated by power man- 
agement unit 208. The power control signals on lines 252 are provided to control the application of power to 
selected circuit portions that comprise computer system 200 such as peripheral device 204. It is understood 
that certain power control signals may be provided to integrated processor 202 to control the application of 
power to various internal circuit porttons of integrated processor 202. Further details regarding power man- 

40 agement unit 208 will t>e provided below. 

CPU core 220 is a data processing unit that implements a predetermined instruction set, such as the model 
80486 microprocessor instruction set. CPU core 220 further includes a floating point coprocessing subunit 
DMA controller 222 is provided for controlling data transfers between a system memory (not shown) and va- 
rious I/O peripheral devices (also not shown). Interrupt controller 224 is provided for interfacing, prioritizing, 

45 and masking various interrupt signals associated with computer system 200. Timer 226 is provided for general 
purpose timing functions, induding the generatk)n of a timer tick interrupt signal. Finally, bus internee unit 
228 is provided for orchestrating and controlling the transfer of data, address, and control signals between 
external bus 206 and an Internal bus 260. It is noted that DMA controller 222. interrupt controller 224, timer 
226, and bus interface unit 228 may be fabricated in accordance with a variety of known circuit implementa- 

50 tions. 

Referring next to Figure 3. a block diagram is shown of the power management message unit 232. As il- 
lustrated in the figure, the power management messag unit 232 indudes a bus request detector 302, an NPU 
monitor 304. and an interrupt detector 306 coupled to a message transmit logic unit 308. The bus request de- 
tector 302 is capable of det cting a bus requ st signal associated with bus 260. and is capable of detecting 
55 the subsequent release of the bus 260. It is noted that the bus request signal may be generated by DMA con- 
troller 222 or by bus interface unit 228 (which asserts the bus request signal in response to an external bus 
master). NPU monitor 304 is coupled to CPU core 220 and is capable of detecting when the coprocessing sub- 
unit of CPU core 220 is active. Interrupt detector 306 is coupled to interrupt controller 224 and CPU core 220 
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and is capable of det cting the assertions of an interrupt signal INT a non-maskable interrupt signal NMI, a 
system management interrupt signal SMI, and a timer tick intenojpt signal. Interrupt detector 306 is further ca- 
pable of detecting when a corresponding interrupt service and a corresponding timer tick service have cleared. 

Depending upon the system activity as detected by bus request detector 302, NPU monitor 304, and in- 
terrupt detector 306, message transmit logic unit 308 issues an encoded signal on the power management mes- 
sage bus 210. The encoding of the power management message bus 210 Is indicated below in Table 1. 

Table I 



Internal Event 


Bit Definition PMCODE[2:0] 


Description 


PM Bus NOP 


000 


May be used as a no-operation command. 


NPU Active 


001 


1 ne oiai I Qi ciii iMr^w inoiiudKjn nas ucen 

detected. 


Bus request 


010 


Either an external bus master or the inter- 
nal DMA controller is active. 


NMI occurred 


oil 


A non-maskable interrupt was generated 
to the CPU. 


SMI Active 


100 


A system management mode interrupt was 
generated to the CPU. 


Interrupt Active 


101 


At least one interrupt service routine is in 
progress, excluding timer interrupts. 


Timer Active 


110 


A timer interrupt is pending or in service. 


All Clear 


111 


Indicates that any bus request or interrupt 
service has completed. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



As indicated in Table I, the power management message bus 210 is driven with a PMCODE [2:0] value of 
001 when the start of a co-processor instruction has been detected by NPU monitor 304. The power manage- 
ment message bus 210 is driven with a PMCODE [2:0] value of 010 if either an external bus master or the 
Internal DMA controller 222 Is active, as detected by bus request detector 302. A PMCODE [2:0] value of Oil 
is driven on the power management message bus 210 If a non-maskable interrupt is received by CPU core 
220, and a PMCODE [2:0] value of 100 is driven on power management message bus 210 if a system man- 
agement mode interrupt is received by CPU core-220. A PMCODE [2:0] value of 101 is driven on the power 
management message bus 210 if at least one interrupt service routine is in progress, excluding timing inter- 
rupts, and a PMCODE [2:0] value of 110 is driven on the power management message bus 210 if a timer In- 
terrupt is pending or is in service. Finally, a PMCODE [2:0] value of 111 is driven on the power management 
message bus 210 if any bus request or interrupt service previously indicated has completed. 

Figure 4 is a timing diagram that illustrates a message transmit cycle executed by message transmit logic 
unit 308. As illustrated, when the occurrence of a monitored activity has been detected, or when the completion 
of a monitored activity has been detected, the PMCODE [2:0] lines of power message bus 210 are driven with 
a valid encoded message in accordance with values defined in Table I. A validation strobe signal lat>eied 
PMVALID# is simultaneously asserted on power management message bus 210 to indicate that a valid mes- 
sage is being driven on lines PMCODE [2:0]. 

Figure 5 is a diagram of an algorithmic state machine 500 embodied within message transmit logic unit 
308. State machine 500 enters a idle state 502 upon system reset, and transitions to state 504 when a moni- 
tored activity is detected by either bus request detector 302, NPU monitor 304, or intenrupt detector 306. The 
type of detected activity is determined during state 504. State machine 500 next transitions to state 506 during 
which a valid message in accordance with the encoded values of Table I Is driven on lines PMCODE [2:0] of 
the power management message bus 210. The validation strobe PMVALID# is further asserted during state 
506. If additional activity is detected during state 506, state machine 500 transitions back to state 504. deter- 
mines the type of activity detected, and reverts back to state 506 and drives the power management message 
bus 210 accordingly. When all interrupts have been cleared and all bus requests have been deasserted, th 
state machine 500 enters state 508 during which an encoded "All Clear" message is broadcast on the power 
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management messag bus 210. The validation strobe PMVALID# is again asserted during state 508 when th 
all clear message is asserted on lines PMCODE [2:0]. Following the all dear message, state machine 500 re- 
verts back to idle state 502. 

Referring back to Figure 2, details regarding power management unit 208 will next be described. Power 

5 management unit 208 includes a power management state machine 260 coupled to an address snooping de- 
coder 262. a dock control unit 264, a power control unit 266, and a lime-out counters unit 268. A configuration 
registers unit 270 is further coupled to power management state machine 260, and a decoder 272 is coupled 
to configuration registers unit 270. 

Power control unit 266 and dock control unit 264 respectively control the application and removal of power 

10 to and from selected portions of computer system 200, and the frequencies of the CPU and system dock sig- 
nals, depending upon the internal state of power management state machine 260. Figure 6 is a state diagram 
that illustrates several internal states of power management state machine 260. Specifically, power manage- 
ment state machine 260 indudes a ready state 600, a doze state 602, a stand-by state 604, a suspend stat 
606, and a transitory state 608. During ready state 600, computer system 200 is considered f ull-on; that is, all 

15 components of the computer system 200 are docked at full speed and are powered-on. The power manage- 
ment state machine 260 enters the ready state 600 upon power-up of the computer system and upon reset. 
The power management state machine 600 also enters the ready state 200 when a primary system activity is 
detected or when an internal state register (not shown) of configuration registers unit 270 is written with a "ready 
state" value via software writing through external bus 206. The dassif ication of certain activities as "primary" 

20 activities is described further below. 

Power management state machine 260 transitions from the ready state 600 to the doze state 602 if a pri- 
mary activity is not detected during the entire duration of a first time-out period (0.125 seconds to 16 seconds) 
as determined by a first time-out counter within time-out counters unit 268. The power management state ma- 
chine 260 can alternatively enter doze state 602 via software writing of a "doze state" value into the state r g- 

25 ister of configuration registers unit 270. During doze state 602, clock control unit 264 controls dock generator 
230 such that the CPU dock signal is slowed down to a preprogrammed frequency. It is noted that during doze 
state 602, the system dock signal continues to be driven at its maximum relative frequency, and all compo- 
nents are powered-on. 

The power management state machine 260 transitions from the doze state 602 to the stand-by state 604 

30 if the system is idle for the entire duration of a second time-out period (1 minute to 16 minutes) without any 
primary activities occurring, as determined by a second time-out counter within timeout counters unit 268. 
The power management state machine 260 can alternatively enter the stand-by state 604 via software writing 
to the state register of configuration registers unit 270. During the stand-by state 604, power control unit 266 
may cause the power to be removed from selected circuit portions, such as peripheral device 204. in addition, 

35 during stand-by state 604, clock control unit 264 causes the clock generator 230 to turn-off the CPU dock sig- 
nal. The system dock signal continues to be driven at its maximum relative frequency. 

The power management state machine 260 transitions to the suspend state 606 from the stand-by state 
604 if the system is idle for the entire duration of a third time-out period (5 minutes to 60 minutes) without any 
primary activities occunring, as determined by a third time-out counter within time-out counters unit 268. Pow r 

40 management state machine 260 may alternatively enter the suspend state 606 via software writing of a "Sus- 
pend state" value into the state register of configuration registers unit 270. When power management stat 
machine 260 is in the susp>end state 606, power control unit 266 may cause the power to be removed from 
selected circuit portion, such as peripheral device 244, and dock control unit 264 causes dock generator 230 
to stop both the CPU clock signal and the system dock signal. Depending upon the system, the power control 

45 unit 252 may further cause power to t>e removed from additional circuit portk>ns. 

Power management state machine 260 enters the transitory state 608 from either the doze state 602 or 
stand-by state 604 if a secondary activity is detected, as will t>e described in greater detail below. Depending 
upon the detected secondary activity, the power management state machine 260 remains in the transitory stat 
608 for a predetermined time following detection of the secondary activity or for a predetermined amount of 

so time following completion of the secondary activity. During transitory state 608, power management state ma- 
chine 260 causes dock control unit 264 to control clock generator 230 such that the CPU dock signal and th 
system dock signal are driven at their maximum relative frequencies. Power is further appli d to all circuit por- 
tions. Following the predetermined amount of time, power management state machine 260 reverts back to the 
previous state (i.e., doze state 602 or stand-by state 604). 

55 Power management unit state machine 260 latches each message transmitted by power manag ment 

message unit 232 upon the assertion of th validation strobe PMVALID#. When power management state ma- 
chine 260 receives a new message, it determines whether a primary or a secondary activity has be n detected. 
Table ii below summarizes the type of activities detected within computer system 200 as well as th dassif i- 
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cation of each activity and the detection source, it is noted that in addition to the messages received via power 
management bus 21 0, other system activities are detected by snooping the external bus 206. Address snooping 
decoder 262 performs this snooping function and provides an Indication of various detected activities to power 
management state machine 260. It is further noted that the classification of certain detected activities may be 
5 programmable via software; that is, certain activities as indicated below may be treated as either primary ac- 
tivities or secondary activities by the power management state machine 260, depending upon the programmers 
requirements. The classification of these activities is programmed by writing to selected configuration registers 
within configuration registers unit 270. 



Table II 



IS 


Activity Name 


Classifi cation 


Source 




NPU Active 


Primary Activity 


PM Message 


20 


SMI Active/Clear 


Secondary Activity 


PM Message 




Int Accive/Ciear 


Secondary Activity 


PM Message 




Timer Active/Clear 


Secondary Activity 


PM Message 


25 


NMI 


Programmable Activity 


PM Message 




Bus Requesi/CIear 


Programmabie Activity 


PM Message 


30 


Parallel Port Activity 


Primary Activity 


Address Snooping 




Seriai Port Activity 


Primary Activity 


Address Saooptng 


35 


Hard Disk Activity 


Primary Activity 


Address Snooping 




FDC Activity 


Primary Activity 


Address Snooping 




Memory Cycles 


Progranunable Activity 


Address Snooping 


40 


Video Activity 


Programmable Activity 


Address Snooping 




Keyboard Activity 


Programmable Activity 


Address Snooping 


45 









From Table II, it is noted that power management state machine 260 classifies activities of a floating-point 
coprocessing unit, parallel port activities, serial port activities, floppy disk activities, and hard disk activities 

50 as primary activities. The power management unit classifies system management interrupt (SMI) activities, 
interrupt activities, and timer activities as secondary activities. Non-maskable interrupt activities, bus request 
activities, memory cycles, video activity, and keyboard activity are each programmabi activities and, as such, 
may be classified as either primary or secondary. 

System management interrupt activities and interrupt activities are secondary activities that cause the sys- 

55 tem to enter transitory state 608. However, a transitory counter that determines the duration of time during 
which the system remains in the transitory state 608 does not start counting until after a corresponding clear 
message has been received from power management message tHJS 210. When the corresponding d ar mes- 
sage is received, the transitory counter begins counting for a predetermined time period and, upon completion. 
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causes th power management state machine 260 to rev rt back to its original state. Bus request activities 
are treated similarly If such are programmed as secondary activities. It is noted that the transitory counter 
referred to above is emt>odied as an integral part of power management stat machine 260. It is further noted 
that the count period as controlled by the transitory counter may tie programmable via a configuration register 

5 of configuration registers unit 270. 

Timer tick activities, on the other hand, may cause the transitory counter to begin counting immediately 
upon entrance of transitory state 608. In one embodiment, the occurrence of a timer tick causes the transitory 
timer to begin counting for a 120 used duration. When this duration expires, the power management state ma- 
chine reverts back to the original state from transitory state 608. It is noted that this special treatment of timer 

10 ticks may be programmable by the programmer, and that in one mode, timer ticks may be treated in the same 
manner described at>ove with respect to system management interrupt activities and interrupt activities. 

Decoder 272 is provided for decoding I/O write cycles executed on external bus 206 by, for example, in- 
tegrated processor 202, and to allow software writing of configuration data into the various internal registers 
of configuration registers unit 270. It is noted that the time-out count periods associated with time-out counters 

15 unit 268 may be programmable via certain registers of configuration registers unit 270. It is further noted that 
the predetermined amount of time during which power management state machine 260 remains in the transi- 
tory state 608 may also be programmable. 

Figure 7 is a block diagram that illustrates details associated with one implementation of a power man- 
agement unit 208 which operates in accordance with the above description and which conforms generally to 

20 the block diagram of Figure 1. Circuit portions that correspond to those of Figure 1 are numbered Identically, 
it Is noted that various portions of integrated processor 202 and power management unit 208 have been omitted 
from the drawing for simplicity and clarity. 

For the implementation of Figure 7, the dock control unit 264 generates a set of control signals individually 
labelled ''SlowCPU"."Stop CPU", and "Suspend". When the SlowCPU signal is asserted, the dock generator 

25 230 causes the frequency of the CPU dock signal to be reduced (relative to a maximum frequency). When 
the StopCPU signal is asserted, the dock generator stops the CPU dock signal. Finally, when the Suspend 
signal Is asserted, the clock generator stops both the CPU clock signal and the system dock signal. 

Assertions of the SlowCPU signal, the StopCPU signal and the Suspend signal are dependent upon the 
current state (i.e., ready, doze, stand-by, suspend, or transitory) of power management state machine 260. 

30 The configuration registers unit 270 indudes a clock control register 700 which stores a configuration valu 
that controls which signal, if any, is asserted during a given state. In one embodiment, clock contrd unit is 
configured such that none of the clock control signals (SlowCPU, StopCPU, and Suspend) are asserted when 
the power management state machine 260 is in either the ready state 600 or in the transitory state 608. The 
Suspend signal Is asserted by dock control unit 264 if the power management state machine 260 is in the sus- 

35 pend state 608. Depending upon the configuration value stored within dock control register 700, the clock con- 
trol unit 264 either asserts the SlowCPU signal or the StopCPU signal (or neither) when the power managem nt 
state machine 260 Is in the doze state 602. Similarly, also depending upon the configuration value stored within 
clock control register 700, the dock control unit 264 either asserts the SlowCPU signal or the StopCPU signal 
(or neither) when the power management state machine 260 is in the stand-by state 804. As a result, the spe- 

40 cif ic control of the CPU dock signal and the system dock signal during the doze state 602 and the stand-by 
state 604 may be programmed by the user. 

The configuratk>n registers unit 270 of Figure 7 is further Illustrated with a ready time-out register 701, a 
doze time-out register 702, and a stand-by time-out register 703. These registers are employed to store con- 
figuration values to allow a programmer to set the ready time-out period, the doze time-out period, and the 

45 stand-by time-out period as controlled by time-out counters unit 268. The configuration registers unit 270 is 
finally depicted with a transitory time-out register 704 that allows a programmer to vary the tinne-out periods 
controlled by the transitory counter of power management state machine 260. 

It is noted that interrupt controller 224 may be implemented in accordance with the Interrupt controller dis- 
closed within our co-pending application 94305471 .8. This patent application is incorporated herein by ref r- 

50 ence in its entirety. 

It is similarly noted that while the power management message unit 232 of Figure 2 detects the spedf Ic 
activities as indicated within TabI I, other internal system activities may b alternatively or additionally de- 
tected and indicated via power management message bus 210. For example, the pow rmanag m nt message 
unit may be configured with a decod r to snoop the internal bus 260 to detect the executk3n of sel cted bus 
55 cydes. Furthermor , other sources for detecting selected system activities may also be mployed. In addition, 
while the power management unit 208 of Figure 2 contrds the generation of various dock signals within conv 
puter system 200 as well as the application of power to various peripheral devices and subunits of computer 
system 200, the power management unit 208 may be configured to control only select d dock signals of com- 
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puter system 200 or to control only the application of power to various peripheral devices. 

Th power management system described above may further be employed within a system including th 
circuitry and techniques described within our copending applications 95300441.3. 95300445.4, 95300442.1, 
95300520.4, and In our copending application based on US application 223.770 and 

5 being filed concurrently herewith (Ref. PCCS/TT0366ySMP). It is further noted that interrupt controller 224 may 
be implemented in accordance with our copending application 94305471.8. The above copending patent ap- 
plications are incorporated herein by reference in their entirety. 

it is f inally noted that when the power management state machine is in suspend state 606, the application 
of power to the system oscillator may be removed to promote further power reduction. Power management 

10 unit 208 may employ the circuitry and techniques taught within our copending application 94308628.0 to f- 
fectuate the gating of the system oscillator during the suspend state. The above patent appllcatbn is incorpo- 
rated herein by reference in its entirety. 

Numerous variations and modifications will become apparent to those skilled in the art once the above 
disclosure is fully appreciated. For example, external bus 206 may be coupled to integrated processor 202 dl- 

15 rectly or through a bus bridge, it is intended that the following claims be interpreted to embrace all such vari- 
ations and modifications. 



Claims 

20 

1 . A computer system comprising: 

an integrated processor Including a CPU core, a power management message unit coupled to said 
CPU core, and a dock generator coupled to said CPU core, wherein said power management message 
unit is capable of detecting an internal activity of said integrated processor and of providing a signal in- 
25 dicatfve of said internal activity on an external set of terminals; 

a power management message bus coupled to said external set of terminals; and 
a power management unit coupled to said power management message bus for managing pow r 
within said computer system, wherein said power management unit is fabricated on an integrated circuit 
chip which is separate from said integrated processor, and wherein said power management unit includes 
30 a dock control unit capable of controlling said dock generator. 

2. The computer system as recited in Claim 1 wherein said signal indicative of said internal activity is an 
encoded value representative of said internal activity. 

35 3. The computer system as recited in Claim 1 wherein said clock control unit controls said dock generator 
depending upon said signal indicative of said Internal activity. 

4- The computer system as recited in Claim 2 wherein said power management further indudes a power 
control unit for controlling an application of power to at least one external peripheral device. 

40 

5. The computer system as recited in Claim 4 wherein said power control unit controls said application of 
power depending upon said encoded value. 

6. A method for managing power within a computer system, wherein said computer system indudes an in- 
45 tegrated processor having a CPU core and at least one on-chip peripheral device, said method comprising 

the steps of: 

detecting an internal activity of said integrated processor; 
generating an activity signal indicative of said internal activity; 
providing said activity signal on an external bus couled to said integrated processor; 
50 receiving said activity signal at an external power management unit; and 

providing a dock contrd signal from said external power management unit to said integrated proc- 
essor to control generation of a CPU dock signal depending upon said activity signal. 

7. The method for managing power within a computer system as recited in Claim 6 wherein said activity sig- 
55 nal indudes an encoded value indicative of internal activity. 

8. The method for managing power within a computer system as recited in Claim 6 comprising the further 
step of generating a validation strobe simultaneously with said step of providing said activity signal on 

9 
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said external power management bus. 

The method for managing power within a computer system as recit d in Claim 6 comprising the further 
step of generating a power control signal within said external power management unit to control an ap- 
plication of power to an external peripheral device depending upon said activity signal. 

The method for managing power within a computer system as recited in Claim 6 wherein said step of de- 
tecting an internal activity of said integrated processor includes the step of detecting an assertion of an 
interrupt signal. 
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(57) An integrated processor is provided that in- 
cludes a CPU core coupled to a variety of on-chip pe- 
ripheral devices such as a DMA controller, an interrupt 
controller, and a timer. The integrated processor further 
includes a power management message unit coupled 
to the DMA controller, interrupt controller, and timer for 
monitoring the internal interrupt and bus request signals 
of the integrated processor. The power management 
message unit may also monitor other selected activities 
of the integrated processor such as activities of a float- 
ing-point coprocessing subunit. Based on the detected 
activities, if any, the power management message unit 
encodes a message on a power management message 
bus to thereby provide information regarding the internal 
events of the integrated processor to an external power 
management unit. Power management decisions are 
made by an external power management unit. The pow- 
er management unit receives the encoded messages 
on the power management message bus and respon- 
sively makes decisions as to the appropriate power 
management mode to enter. The power management 
unit includes a clock control unit coupled to an internal 
clock generator of the Integrated processor for control- 
ling the frequencies of a CPU clock signal and a system 
clock signal. The power managem nt unit further In- 
cludes a power control unit for controlling the application 
of power to various external peripheral devices. 
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